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The fine-scale structure and dynamics of ectomycorrhizal fungal populations have been studied in several basidiomycete species. Genets (genetic individuals) have been shown to persist over several years (11) , and their annual growth accounts for the large areas in old forest stands covered by genets of Suillus bovinus (9) , Suillus variegatus (8) , Suillus pungens (4), or Pisolithus tinctorius (1) . Multiple genets of a small size can be found in young stands (9, 11, 37) , probably as a result of the germination of many basidiospores.
The response of ectomycorrhizal fungi to disturbance has been studied at the community level: e.g., after fire (42) , pollution (15) , or fertilization (25) . The population response to disturbance has received little attention so far. Numerous small and short-life-span genets of Hebeloma cylindrosporum have been shown to occur on periodically disturbed dune stands (20) . On the other hand, Cantharellus formosus populations were hardly affected by forestry management disturbances (14) . Deliberate introduction of selected ectomycorrhizal strains in indigenous populations represents a disturbance in terms of enhancing production of edible mushrooms (10) or improving tree growth (30) . Tree inoculation with selected ectomycorrhizal strains can lead to persistent infection in the nursery (21) , as well as shortly after outplanting (6, 39, 41) . The effect of the strains introduced on native ectomycorrhizal populations remains poorly estimated (40) . The population response to strain introduction is of general interest in view of the release of selected fungal strains. The fate of the fungal strains introduced has only been assessed with simple saprophytic systems (34) or for biological control purposes (23) , without addressing the question of population modifications. However, in one case, namely the unintentional release of cultivated Agaricus bisporus strains, introgression of introduced markers has been demonstrated in natural populations (43) , threatening indigenous populations through extinction by hybridization (26) .
Laccaria laccata and Laccaria bicolor are ectomycorrhizal basidiomycetes (3) that have a haplodikaryotic life cycle. Dikaryotic mycelia form ectomycorrhizas on tree roots and, under some conditions, produce sporophores (gilled mushrooms). Sporophores bear haploid meiotic spores and can be used to roughly estimate the below-ground population (11) . Molecular markers have been designed for Laccaria spp. (13, 17, 18, 38) and allow the study of populations (11, 37) . European Laccaria species are commonly found in young and old forest stands (24, 32) , notably under Douglas firs, an introduced American tree (22) . Since several different strains are currently used for nursery inoculation of Douglas firs in France (30, 41) , the genus Laccaria provides an ideal model for tracking strains and analyzing the population effects of outplanting of inoculated trees.
The present study was performed at an inoculated Douglas fir plantation at Saint-Brisson (Nièvre, France), in a region where native Laccaria species have been reported for a century (28) . In a previous study of this plantation, an inoculant American strain, L. bicolor S238N, was shown to persist 10 years after outplanting of the mycorrhizal trees (37) . This long-term persistence of the inoculant strain on outplanted Douglas firs may be the result of the common geographical origin of the symbiotic partners, namely the Pacific Northwest. Whether European strains are able to persist on this exotic host plant is unknown. The persistence of L. bicolor S238N led to no de-tectable alteration of the indigenous population; i.e., this strain did not fruit out of inoculated plots and coexisted with several indigenous Laccaria genets (37) . However, because mycorrhizal effectiveness is highly variable in L. bicolor strains (27) , such a limited colonization may strongly depend on the inoculant strain. Coexisting Laccaria genets in the plantation showed no detectable introgression, although the S238N strain is infertile in vitro with European genets (38) . This absence of hybrids could result from some outbreeding depression, which would not occur when sympatric strains are used for nursery inoculation. The present study assesses the response of Laccaria populations to outplanting of Douglas firs that were nursery inoculated with a French strain, L. bicolor 81306, and planted in another part of the Saint-Brisson plantation. We investigated (i) the persistence of the nursery-inoculated strain L. bicolor 81306, (ii) its effect on the indigenous genetic diversity, and (iii) the fine-scale genetic structure of the population under surrounding uninoculated trees.
MATERIALS AND METHODS
Strains and tree inoculation. Douglas fir (Pseudotsuga menziesii [Mir.] Franco) seedlings were inoculated on fumigated nursery soil in 1985 at the Peyrat-leChâteau nursery (Haute-Vienne, France) according to the protocol described by Villeneuve et al. (41) . The American strain, L. bicolor ([Maire] Orton) S238N (see reference 12 for a detailed origin), and the European strain L. bicolor 81306, isolated in 1981 from a sporophore collected under Douglas firs at Barbaroux (Haute-Vienne, France), were used for inoculation. Both strains are conserved at the Collection of Ectomycorrhizal Fungi (Institut National de la Recherche Agronomique, Nancy, France). Uninoculated seedlings were obtained from fumigated or nonfumigated soils in two French nurseries, Mieville (Nièvre) and Peyrat-le-Château. In the two uninoculated treatment groups, naturally occurring ectomycorrhizal fungi (among which were some Laccaria spp.) were shown to colonize root systems before outplanting (21) . Two-year-old seedlings were outplanted in spring 1987 at an experimental plantation at Saint-Brisson (Nièvre), 200 km from both nurseries.
Experimental plantation. The Saint-Brisson forest site, situated at an elevation of 630 m, was previously a dedicuous forest on a brown podzolic soil over granite, where Laccaria species occur spontaneously (28) . The stand was divided into plots of 7.2 by 7.2 m, each containing 49 seedlings given an identical nursery treatment and separated by a 3-m nonplanted buffer zone. Trees from the same treatment were randomly distributed among four replicate plots. Each plot was thinned twice (1992 and 1995) , with half of the trees being cut on each occasion. A subset of nine contiguous plots of the plantation (i.e., 1,129 m 2 [see Fig. 3 ]) was analyzed in that study, including at least one plot for each seedling treatment (Table 1) .
Sporophore sampling. Sporophores of Laccaria spp. were sampled on the nine plots between fall 1994 and summer 1997. They represented more than 98% of the epigeous sporophores of ectomycorrhizal fungi on the plantation. Amanita muscaria and Cortinarius sp. sporophores were occasionally observed. Both L. bicolor and L. laccata were collected because the Laccaria genus is divided on the basis of morphological criteria (3, 33) , and there are insufficient data about the reproductive barriers in Europe. In all, 380 sporophores (Table 2) were collected on plot 5, where Douglas fir seedlings inoculated with strain 81306 were outplanted, through a comprehensive sporophore collection, except in 1994 (only one sporophore randomly chosen for each patch of sporophores on the plot). Morphological identification of Laccaria species was performed according to the method of Bon (3), without distinguishing among subspecies. The ground location of those sporophores was mapped with a precision of 5 cm. Isolation of vegetative mycelium (37) was done from all sporophores collected in 1995, leading to 105 successful pure cultures. On the other plots, random sporophore collections in 1994 and 1995 (1 sporophore per patch) and comprehensive samplings in 1996 and 1997 provided 339 additional sporophores (25 in 1994, 28 in 1995, 158 in 1996 , and 128 in 1997). The ground location of those additional sporophores was mapped with a precision of 10 cm. Sporophores were kept at Ϫ80°C before DNA extraction. Seedlings grown on nonfumigated soil, no inoculation (ϭ plots 1 and 6), M None 9 15 9 Seedlings grown on nonfumigated soil, no inoculation, P None 9 16 a The numbers of Laccaria genets found over the 3 years of the study are indicated. For a spatial distribution of the plots, see Fig. 3 . c Genet C was already present on plot 8 in 1994, near the plot 5-plot 8 buffer zone (Fig. 4) .
Molecular typing.
Total DNA from frozen sporophores and mycelium was extracted by the protocol of Henrion et al. (21) . DNA extracted from the 105 pure cultures obtained in 1995 gave rise to DNA fingerprints identical to those obtained from the original sporophores (data not shown), indicating that sporophore DNA was not contaminated by other microbial DNA (see also reference 37). The molecular typing was therefore performed directly on sporophore DNA. The 25S/5S spacer (IGS1) and the 5S/17S spacer (IGS2) of the ribosomal DNA (rDNA) were amplified as described by Selosse et al. (36) . Molecular typing with randomly amplified polymorphic DNA (RAPD) markers was carried out at least twice with primers 152C (5Ј-CGCACCGCAC-3Ј), 155 (5Ј-CGTGC GGCTG-3Ј), 156 (5Ј-GCCTGGTTGC-3Ј), and 174 (5Ј-AACGGGCAGC-3Ј) (37) . Mitochondrial DNA polymorphism was assessed by using a fragment of the mitochondrial large ribosomal subunit DNA (LrDNA) amplified with primers ML3 and ML6 (38) . The identity of genets showing a RAPD pattern identical to that of the inoculant strain S238N was further assessed by using other RAPD and mitochondrial markers previously described (37, 38) .
Segregation analysis. Spores were collected from three L. bicolor sporophores found in 1996, showing RAPD patterns identical to that of strain 81306, namely 3.20 on plot 3 (12 monokaryons), 4.19 on plot 4 (15 monokaryons), and B79 on plot 5 (29 monokaryons). They were germinated according to the method of Fries (16) , and haploidy was confirmed by checking for the absence of clamp connections. Only major reproducible RAPD fragments were scored (Table 3) . Fragments present in the whole progeny were considered as homozygous markers. (A less likely mitochondrial origin was not considered.) The fragments that were not present in all haploids were considered as heterozygous markers. For some fragments, it was possible to find another fragment showing a complementary segregation (i.e., haploids always had one fragment of the couple, but never none or both). In this case, both fragments were considered as alleles of a d Four linkage groups of two markers each were identified: A, B, C, and D. For each linkage group, the number of recombinants observed in each progeny is given in parentheses (for the 3.20, 4.19, and B79 progeny, respectively). heterozygous marker. (Alternatively, they may be tightly linked in repulsion, a situation that does not change the genetic analysis.) Other fragments were considered as heterozygous dominant markers, with the present fragment allele dominant over the absent fragment allele.
Genetic analysis. The linkage relationships of the Mendelian markers were analyzed in haploid progenies with MAPMAKER 2.0 for Macintosh as described by Selosse et al. (37) . The robustness of the typing of 81306 was assessed by calculating the probability of retaining in F 1 the parental RAPD genotype. During selfing, assuming that no segregation bias occurs, the probability of retaining the parental genotype is P ϭ 1 for a homozygous locus and P ϭ 0.5 for a heterozygous locus: thus, P ϭ (0.5) n for n independent heterozygous loci. In the case where q linkage groups involve a total of k loci (k Յ n), the formula is changed to
where i is the probability of retaining the genotype for the linkage group number, i (1 Յ i Յ q). In the case encountered in this study (two linked loci with a recombination fraction, r), parental genotypes arise at a frequency of ϭ [(1 Ϫ r) 2 ]/2 after selfing. This formula was used with the r values obtained from the B79 segregation (Table 3) .
RESULTS
Temporal structure of fruiting on an inoculated plot. The Saint-Brisson plantation is divided into several plots where Douglas firs differing in their mycorrhizal nursery treatment (i.e., inoculated with an L. bicolor strain or uninoculated) were outplanted in 1987 (Table 1 and see Fig. 3 ). In all, 380 L. bicolor and L. laccata sporophores were collected between fall 1994 and summer 1997 from plot 5, where trees were inoculated in the nursery with L. bicolor 81306. The sporophores always appeared in the fall, except for July 1997, when fruiting was abundant, probably as a result of an unusually rainy summer. The various sporophores were typed by using the IGSs of the rDNA (Fig. 1A) and RAPD patterns (e.g., primers 152C and 174 [ Fig. 1B and C] ). Forty to 62 major RAPD fragments were scored for each genet, for a total of 264 distinct fragments. By combining these markers, the 380 sporophores were shown to belong to 18 genets (seven L. bicolor genets and 11 L. laccata genets [ Table 2 ]). Some genets were present during the 3-year survey (genets B and H), whereas others were not detected during 1 (e.g., J in 1996) or 2 years (e.g., D and Q). Since some genets were found only once (e.g., F and I), we cannot rule out the possibility that some genets persisted for a single year.
Evidence for persistence of the inoculant strain. Genet A was genetically identical to the inoculant strain L. bicolor 81306 for all markers (Fig. 1) . The sizes of the LrDNAs were also identical, suggesting the retention of the mitochondria of the introduced strain in genet A (Fig. 1D) . The strain 81306 did not fruit in summer 1997, but additional sporophores collected in fall 1997 showed that it was still present on the surrounding zone of plot 5 (data not shown). The other genets shared limited similarities to the inoculant strain (Fig. 2) . The genet B Table 3 ]) as well as an indistinguishable IGS1 (Fig. 1A) , while the other genets only shared up to 12 fragments with the strain 81306 (up to only 6 fragments for the L. laccata genets). Genet B could result from the breeding of the introduced strain 81306 (ϭgenet A) with a local genet. Molecular data thus demonstrated the persistence, and possibly the nuclear introgression, of the inoculant genotype.
Spatial structure of populations on an inoculated plot. The sporophores collected on plot 5 were mapped from 1994 to 1997 (Fig. 2) . Due to the 5-cm resolution limit, several sporophores sometimes mapped at the same position, but they always belonged to the same genet. Sporophores of a given genet always formed single patches, with the exception of the inoculant genet 81306, which fruited over the whole plot in several patches (Fig. 2) . The buffer zones (limited by the outer trees) were colonized by 15 genets and showed a fairly constant sporophore density from year to year. The plot was colonized by only five genets and showed a reduction of fruiting density with time. As estimated by the maximal distance between sporophores, the size of the fruiting domain ranged from a few centimeters (in the case of genet I, represented by a single sporophore in 1994) to 3.3 m (genet B in 1995). Genets always occupied the same territory from year to year, with only minor changes (such as a reduction in apparent size for genet B or an enlargement of genet O toward the buffer zones), forming a stable population over the time span of the survey.
Dispersion of the inoculant strain to neighboring plots. In all, 339 sporophores were sampled over the 3 years on plots surrounding plot 5. They belong to 54 genets (data not shown). Plot 3 (trees inoculated by the strain 81306) mainly exhibited sporophores of the inoculant strain (Fig. 3) . The American strain, L. bicolor S238N, also remained on plot 7, where trees inoculated with this strain were introduced (Fig. 3) , as reported by Selosse et al. (37) . A patch of sporophores from this strain was also found between plots 1 and 4, in the border zone flanking an inoculated plot not studied here (Fig. 4) . The 52 other Laccaria genets were found in both inoculated and uninoculated plots (Table 1) . Plot 4, although carrying uninoculated trees, harbored exclusively the two introduced genets (S238N in 1998 and 81306 over 3 years [ Fig. 3]) . The other uninoculated plots (1, 2, 6, 8, and 9) were free of inoculant strains and showed three to nine genets ( Table 1 ). The densities of genets per plot were similar on inoculated plots (four to five genets, including the inoculant one), suggesting that the persistence of inoculant genets has no definite effect on the settlement of new fruiting genets. No cytoplasmic introgression of the strain 81306 was detected among the other genets, since none of them showed its characteristic LrDNA (Fig. 1D) . Genetic evidence for the spreading of L. bicolor 81306. To further ensure the identity between the genet invading plot 4 and the genets lasting on plots inoculated by L. bicolor 81306 (plots 3 and 5), we compared the meiotic segregation of markers in a haploid progeny of one sporophore of each plot. (The position of the three sporophores is given in Fig. 3 .) The results are summarized in Table 3 . The rDNA, corresponding to a single locus in Laccaria (36) , showed allelic IGS2 fragments segregating in the three progenies (Table 3) with a strong distortion, as often observed for L. bicolor heterozygosities (13, 37) . Each of the 40 RAPD fragments obtained with the four RAPD primers was transmitted identically in the three progenies (Table 3) , indicating 27 homozygous markers, with 9 heterozygous dominant and 2 heterozygous codominant markers in every case. Combined linkage analysis of RAPD and ribosomal markers showed four linkage groups of two markers each in the three progenies (Table 3) , with identical alleles in cis (not shown). We therefore monitored eight genetically independent heterozygous loci. After selfing, the probability of retaining all of these heterozygosities in F 1 is thus P ϭ 0.00058 (see Materials and Methods), so that selfing is unlikely to explain the identical genotypes of the three sporophores. This demonstrated that the inoculant strain 81306 spread into the control plot 4 without selfing or introgression. This dissemination likely relied on vegetative growth.
Spatial structure of fruiting on uninvaded plots. Genets were mapped through sporophore position in the uninvaded control plots surrounding plot 5 (plots 1, 2, 6, 8, and 9-see the detailed map of plots 8 and 9 in Fig. 4) . Some genets were found over 2 to 3 years, while others were represented by a single sporophore collected over only 1 year, perhaps due to the sampling procedure. Sporophores of a given genet always clustered on small areas, were never fragmented, and sometimes intermingled with other genets (Fig. 4) . As estimated by the maximal distance between sporophores, the genets covered up to 2.4 m (e.g., the larger genets on plots 8 and 9), a structure very reminiscent of the genets of plot 5 (Fig. 2) .
DISCUSSION
We analyzed a Laccaria population under several plots of a Douglas fir plantation (Fig. 3) . Seedlings of some plots were (Table 3) , are localized on plots 3, 5, and 4, respectively (arrows).
nursery inoculated with an L. bicolor strain before outplanting (Table 1) . We investigated the pattern of sporophore production as in order to trace the dissemination of these symbionts in the plantation. On the sampled area, molecular typing ( Fig.  1 ) allowed to distinguish 71 genets, including the inoculant ones (i.e., a density of 600 genets ⅐ ha Ϫ1 ). Laccaria fruiting increasingly tends to be localized at the buffer zones between the plots (see years 1996 and 1997 on Fig. 2 ). This is reminiscent of the outward shift of ectomycorrhizal sporophores observed under young trees from year to year (11, 32) or the reduction of fruiting reported after canopy closure (22) .
Some Laccaria genets were identified over 3 successive years, as previously reported at other experimental sites (11, 37, 38) , whereas others were found only over a single year (Table 2 and Fig. 4) . Lack of sporophores is not informative, since genets J and M, which fruited in 1995 and 1997, were probably present at the vegetative stage in 1996 (Table 2) . Genets likely respond differentially to identical climatic conditions. During the rainy summer of 1997, we observed abundant sporophore production of both new and already described genets, with a pattern similar to those found in the fall (Table  2 ). Those data confirmed that (i) several successive sampling years are needed to obtain a complete picture of ectomycorrhizal populations, (ii) sporophores do not exactly reflect the above-ground population colonizing the roots, and (iii) sporophore sampling therefore cannot quantify the below-ground frequency of the genets. This discrepancy between below-and above-ground populations, also demonstrated at the mycorrhizal community level (19, 22) , suggests that different resource allocation strategies (growth versus reproduction) may coexist within a Laccaria species.
Except for the inoculant L. bicolor genets (S238N and 81306), the distribution of the sporophores of one genet was always clustered (Fig. 3 and 4) . The maximal distance between two sporophores of the same genet was 3.3 m (genet B [Fig.  2] ), a distance observed for L. bicolor genets in young plantations (11, 37) . No expansion of the genets was observed over 3 years, except for some limited migration (e.g., genet C [Fig. 4]) . We cannot exclude the possibility that some of these genets originated from the nurseries, since Laccaria genets colonize uninoculated seedlings in the nursery (21) . However, their small size and the fact that they are not fragmented over the plantation suggest that they arose from basidiospores after outplanting. Colonization of new stands by basidiospores has frequently been suggested for early-stage and ruderal ectomycorrhizal fungi (20, 29) , as well as other forest basidiomycetes (5) . Congruently, the high heterozygosity level in L. bicolor isolates (0.31 for strain 81306 in this study, 0.39 in the study by Raffle et al. [35] , and 0.35 in the study by Selosse et al. [37] ) implies a high outcrossing rate and supports a long-distance dispersion of the basidiospores before the rise of new dikaryons. At least one other ectomycorrhizal species, S. pungens, may share the same outcrossing and dissemination strategy (4) .
Trees of several plots were inoculated with two L. bicolor strains in the nursery, namely the American strain, S238N, and the French strain, 81306 (Table 1) . Both strains were still present 8 to 10 years after outplanting and fruited abundantly (Table 2 ) over large areas (Fig. 3) . The persistence of L. bicolor S238N on plot 7 is in agreement with previous reports on the persistence of this strain in the nursery (21) and field plantation (37, 41) . The persistence of L. bicolor 81306 confirms that L. bicolor is a competitive forest symbiont of Douglas firs (6, 30) , independent of its American or European geographical origin. Contrasting with previous results obtained for strain S238N (37), a possible introgression of the strain 81306 was detected. Genet B shared 26 (accounting for 25 loci [ Table 3 ]) of the 40 RAPD fragments of strain 81306. However, it lacked some homozygous markers of strain 81306 and therefore cannot be an F 1 hybrid. A fortuitous genetic similarity cannot be ruled out, as a result of promiscuous European alleles, since strain 81306 was isolated in central France. No cytoplasmic introgression was detected on the basis of the LrDNA analysis (Fig. 1D) , as earlier reported for L. bicolor S238N (38) . However, we cannot exclude the presence of other hybrids on roots, FIG. 4 . Spatial distribution of the Laccaria genets found over 3 years on the uninoculated plots 8 and 9. The seedlings originated from the Mieville and the Peyrat-le-Château nurseries, respectively [ Table 1 ].) Sporophores were collected in 1994 (circles), 1995 (squares), 1996 (triangles), or 1997 (diamonds). Borderlines encompass sporophores belonging to the same genet. Genets from the buffer zone between plots 5 and 8 are named in the figure (Table 1 ). In buffer zones near inoculated plots, sporophores of inoculant strains L. bicolor 81306 and S238N (Fig. 3) were omitted for clarity.
as discussed in reference 37. For example, unfertile hybrids resulting from somatic interactions (2) could only be detected by studying mycorrhizas.
The simultaneous invasion of a plot of uninoculated trees (plot 4 [ Fig. 3] ) by the two inoculant Laccaria strains contrasts with our previous observation of another part of the SaintBrisson plantation, where L. bicolor S238N was restricted to inoculated plots (37) . The probability of retaining the S238N RAPD patterns after selfing (P ϭ 0.0008 [37] ) reasonably excludes colonization by spores followed by selfing. For L. bicolor 81306, segregation analysis ensured that one sporophore of plot 4 had the same genotype as sporophores found on the plot inoculated by strain 81306 (Fig. 3 and Table 3 ). The low probability of retaining the parental genotype after selfing (P ϭ 0.00058) suggests a vegetative propagation, which also explains the continuous distribution of strain 81306 sporophores between plots 4 and 5 (compare Fig. 2 and 3 for the year 1994) . The genet 81306 covered a domain extending at least from plot 3 to plot 4; the most distant sporophores are 30.5 m apart (Fig.  3) , as for old natural mycorrhizal genets of Suillus spp. (4, 8, 9) or P. tinctorius (1) . Colonization of root systems by both spores, as previously stated, and vegetative growth may explain the success of Laccaria species in both young and older forest stands.
The strain S238N found on plot 4 likely arose from the S238N-inoculated trees of a flanking inoculated plot (Fig. 3) . The distance to the nearest inoculated tree (5.3 min July 1997, 11.3 years after outplanting) suggests that the growth rate of the invading mycelium was at least 0.47 m ⅐ year Ϫ1 . The strain 81306 similarly colonized a wide area of plot 4, probably from plot 5, the nearest inoculated plot. In 1994 (7.5 years after outplanting), the invasion reached 8.4 m (i.e., a progression of 1.1 m ⅐ year
Ϫ1
). Current data on the growth rate of Laccaria spp., estimated from sporophore migration, range from 0.2 m ⅐ year Ϫ1 (11) to 0.87 m ⅐ year Ϫ1 (32) . A growth rate of 0.2 to 0.5 m ⅐ year Ϫ1 accounts for the surface covered by old Suillus genets (4, 9) . In vitro growth of the strain S238N reaches 0.2 cm per day (12) (i.e., 0.72 m per year of continuous growth). The expansion rate calculated for L. bicolor 81306 thus remains beyond the reported and in vitro-estimated growth values. Field colonization by the strain 81306 could also be enhanced by host root growth or fortuitous transport of mycelium by soil fauna or during tree thinnings.
The lack of invasion of plot 2 (a replicate of plot 4 [ Table 1 ]) suggests that the initial growth of trees in the nursery is not responsible for increased receptivity or contamination of Douglas firs from plot 4. In addition, there was no obvious fungal strain effect, since both inoculant strains invaded the plot. Strikingly, no other genets fruited on this plot (Fig. 3) , although their vegetative presence cannot be ruled out. This can be considered either as a result of the invasion or as a cause of the susceptibility of this plot. A depauperate mycorrhizal community may have been unable to outcompete the introduced strains (7), but there is little agreement on factors favoring invasion in ecosystems (31) .
Inoculant L. bicolor strains thus persist without selfing and cytoplasmic introgression after outplanting of the host trees. The populational disturbance is highly variable at the stand level, ranging from no disturbance of the ectomycorrhizal diversity (most uninoculated plots in Table 1 ) to localized displacement of other genets and possible nuclear introgression, depending on poorly identifiable environmental factors. The fact that a genotype that is often selected against may show aggressive abilities in some situations is of great value in view of the release of selected fungal strains (23, 34) . To confirm the present conclusions, further surveys are needed in plantations experiencing different ecological conditions (30, 39) and with other tree-fungal associations. In addition, since sporophore surveys do not directly assess the persistence of inoculant strains as symbionts on roots, the development of new markers for specific multilocus fingerprinting of soil-collected mycorrhizas, which harbor various contaminant organisms, is required to estimate the outcome of inoculations on natural populations.
